Uptake of vaccination against seasonal influenza is suboptimal in most countries, and campaigns to promote vaccination may be weakened by clustering of opinions and decisions not to vaccinate. This clustering can occur at myriad interacting levels: within households, social circles, and schools. Given that influenza is more likely to be transmitted to a household contact than any other contact, clustering of vaccination decisions is arguably most problematic at the household level. We conducted an international survey study to determine whether household members across different cultures offered direct advice to each other regarding influenza vaccination and whether this advice was associated with vaccination decisions. The survey revealed that household members across the world advise one another to vaccinate, although to varying degrees, and that advice correlates with an increase in vaccination uptake. In addition, respondents in Japan, China, and the United States were less likely to offer advice to older adults than to the young, despite older adults' being the target age group for vaccination in both Far Eastern countries. Furthermore, advice was not primarily directed to household members within the age groups advised to vaccinate by national health policies. In Japan, advice was offered more to ages outside of the policy guidelines than inside. Harnessing the influence of household members may offer a novel strategy to improve vaccination coverage across cultures worldwide. Key words: influenza; vaccination; culture; advice; households. (Med Decis Making 2016;36:844-853) T he probability of contracting a highly contagious pathogen such as seasonal influenza critically depends on the level of exposure to others who are infected. This level of exposure is determined by the number and nature of contacts between individuals. Household members have frequent and often prolonged interactions with each other. 1 An estimated 30% of influenza is spread within households, 2 and living in a household with an infected person is the largest risk factor for contracting influenza. [2] [3] [4] Accordingly, household-based interventions are important for curtailing outbreaks in surrounding communities. 2, 5 Health policy interventions that promote influenza vaccination uptake are important worldwide because vaccination levels in most countries are significantly lower than the 75% recommended by the World Health Organization, even among elderly persons, the age class most likely to be vaccinated. 6 There is substantial heterogeneity in influenza vaccine coverage between countries and across age groups, suggesting that culturespecific factors may contribute to disease burden and influence the effectiveness of health communication within each country.
Close contacts, such as those occurring in a household, may increase exposure to infection but can also influence health care decision making. 7 Consequently, household contacts may drive complex interdependent dynamics of vaccination decisions and disease transmission. 8 Indeed, spatial clustering of opinions about whether to vaccinate when overlaid with epidemiological dynamics may reduce vaccine effectiveness in the entire population. 9,10 Spatial clustering of opinions can occur via 3 mechanisms: 1) induction (direct and indirect influence of others' opinions and behaviors), 2) homophily (association with individuals because of their similar opinions or behaviors), and 3) confounders (environmental determinants of similar opinions or behaviors). 11 Quantifying vaccine opinion clustering within households and understanding the associated cultural factors might help to explain low vaccination uptake and could lead to improvements in public health messages to mitigate future influenza epidemics.
There is reason to expect cultural differences in opinion clustering within households. For example, Hofstede 12 has shown that Eastern cultures display greater collectivism while Western cultures display greater individualism. Thus, a reasonable hypothesis is that members of a collectivist culture in the East would be more influenced by household members than members of an individualist culture in the West, which encourages independent decisions. In addition, people of certain ages might have different amounts of influence in Eastern and Western cultures. For example, the Confucian tradition in Eastern cultures emphasizes respect to the elderly, where the elderly are ones to give, but not to receive, advice. Vaccination decisions may also be influenced by an array of country-specific factors, such as geographic location, government vaccination recommendation, and health care systems.
Here we quantify the extent of household clustering of vaccination uptake and advice giving in 8 countries: Brazil, China, France, Israel, Japan, South Africa, the United Kingdom, and the United States. The 8 countries were selected to provide a range with regard to the following factors: We compare the tendency to advise across countries and age groups, and we examine the impact of advice on respondent vaccination decisions. We examine the age of respondents and household members because some countries vary their vaccine recommendations by age. We conclude that the direct influence of household members advising one another to vaccinate may significantly affect the overall vaccination uptake within many countries. In addition, the scale and age dependency of this household influence varies substantially worldwide, suggesting that effective health communication must be country specific and culturally sensitive.
METHODS

Data Collection
The survey was conducted on the Internet, and respondents were recruited by the commercial survey company Research Now (RN). We recruited 4023 participants from 8 countries to complete a survey on attitudes and behaviors regarding seasonal influenza. We excluded 63 respondents who answered the survey outside the country of residence listed in the Research Now (RN) database, in case they changed their country of residence since registering with RN. Two respondents took the survey twice, and we excluded their second responses. Six respondents claimed to be younger than 18 y and were excluded. These exclusions resulted in 3952 responses. Single-person households were also excluded from analysis, except for demographics and overall vaccination rates. The first author performed the data cleaning.
Respondents who completed the survey were compensated at the normal rate provided by RN. Participants were recruited via e-mail, and the survey was made available only online. RN contacted presubscribed panelists via e-mail informing them of the survey. The survey link brought the respondent directly to the survey in the primary language of their location (Portuguese for Brazil, simplified Chinese for China, French for France, Hebrew for Israel, Japanese for Japan, British English for South Africa, British English for the United Kingdom, American English for the United States). Respondents could change the survey language to any of the 7 alternatives on the landing page. The survey materials and the translations were written by the authors and research assistants (acknowledged) who were fluent in the respective language. The translations were also reverse-translated by different research assistants (acknowledged) who were fluent in the respective languages and who were not involved in the design of the original survey to ensure that the survey meaning was preserved. Pilot versions of the survey were conducted to gauge the response rates for each country and to ensure the survey flow was correct.
Prior to the start of data collection, we requested 500 complete responses per country from RN. Data from China (n = 499), France (n = 497), Japan (n = 501), United Kingdom (n = 496), and United States (n = 473) were collected in 2013 between 13 September and 23 September, before the start of the influenza season. Data from Israel (n = 500) were collected in 2013 between 1 October and 5 October to avoid a major Israeli holiday. Data from Brazil (n = 490) and South Africa (n = 496) were collected in 2014 between March 10 and March 18, before the start of the southern hemisphere flu season. Only complete surveys were included in the final data counts and analysis. The complete response rates per country ranged from 2% (China) to 20% (Japan), with a median of 10.5%.
We placed quotas on survey uptake during recruitment to obtain a representative sample (Table 1) . For all countries in the northern hemisphere, a quota was set to include 50% men and 50% women. For France, Japan, United Kingdom, and United States, a quota was set to include 20% of participants 50 y or older. In China, a quota was set to include 30% of participants 35 y or older, due to a lack of older Internet panelists older than 50 y. In Israel, no age quotas were set because of a shortage of Internet panelists. In Brazil, a quota was set to include 10% of participants 50 y or older, because of a lack of older Internet panelists. In South Africa, no quotas were set because of a shortage of Internet panelists.
We obtained institutional review board approval prior to conducting the surveys. All consent forms were translated and back-translated as per the survey protocol above and were approved by all respondents prior to completion of the survey.
Survey Questionnaire
Respondents gave their age, gender, and reported whether or not they had received an influenza vaccine during the previous season. Respondents were asked to list all members of their household excluding themselves (up to 8). For each household member, respondents were asked for their age, gender, and the nature of the respondent's relationship to them (selected from spouse/partner, child, parent, grandparent, brother or sister, other family member, friend, other nonfamily member). Only respondents with other household members are included in the analyses ( Table 1) .
Respondents stated whether or not they had attempted to influence each household member in their decision to vaccinate the previous year, selecting 1 choice from the following 3 answers:
''Yes, I tried to convince this person to get vaccinated''; ''Yes, I tried to convince this person to NOT get vaccinated''; and ''No, I did not try to convince this person either way.'' Respondents then stated whether the same household member had tried to influence their decision to vaccinate as follows, selecting 1 choice from the following 3 answers:
''Yes, this person tried to convince me to get vaccinated''; ''Yes, this person tried to convince me to NOT get vaccinated''; and ''No, this person did not try to convince me either way.'' Finally, respondents stated whether the advice from the other household member had influenced their decision to be vaccinated as follows, selecting 1 choice from the following 3 answers: ''Yes, this person influenced my decision to be vaccinated''; ''Yes, this person influenced my decision NOT to be vaccinated''; and ''No, this person did not influence my decision either way.''
Analysis Details
We coded respondent vaccination as 1 if the respondent vaccinated the previous year and 0 if the respondent did not vaccinate or did not know whether or not they had vaccinated. We coded advice (household member to respondent or vice versa) as 1 if the adviser told the advisee to vaccinate and 0 otherwise. Age groups were coded as nominal variables using the following groups: 1 to 17, 18 to 39, 40 to 59, and 601 y. We excluded relationship type from the analyses given that relationship was correlated with age (e.g., parents were older, children were younger).
For significance testing of interactions and main effects, we performed chi-square model comparison tests. For interaction tests, we compared a model with all interactions to a model excluding the single interaction of interest. For main effect tests, we compared a model with all significant interactions and the noninteracting main effect of interest to the same model but without the noninteracting main effect. The same approach was used in all of our regression analyses. We used a conservative alpha of 0.01.
For several analyses, we also conducted post hoc regression contrasts, which were Wald tests on linear combinations of parameters from the regression model including only the significant interactions and main effects.
RESULTS
Household Demographics and Vaccination Tendencies
Household size and composition from our sample did not vary dramatically across countries. Across all countries, the most common household member relationship types were the child, spouse, and parent of the respondent (Figure 1) . The household sizes reported in the survey align well with those reported in national-level data, which range from 2.5 in France to 3.7 in South Africa. Survey respondents from Brazil, China, France, Japan, and the United Kingdom produced a slightly higher household size than reported in national-level data. Respondents from Israel, South Africa, and the United States produced a slightly lower household size than reported in national-level data. The small differences are likely due to limitations of our sampling procedure, as we were able to apply only loose age quotas for most countries.
Respondent Advice Tendencies
We performed a series of logistic regressions with ''advice from the respondent to a household member'' (to vaccinate v. to not vaccinate or no advice) as the dependent variable. Predictors included country of household, respondent age group, household member age group, and all 2-way interactions. Data regarding household members younger than 1 y as recipient of advice were excluded from this analysis given that in certain countries, these children are not eligible for the flu vaccine (e.g., in the United States, children younger than 6 mo are not eligible). Overall, the tendency to give vaccination advice depends on country of residence and the ages of both the adviser and advisee. The country and household member age interaction was significant, x 2 (21) = 136.33, P \ 0.001. Neither the respondent age and household member age interaction, x 2 (6) = 15.63, P = 0.02, nor the country and respondent age interaction, x 2 (14) = 15.08, P = 0.32, was significant. The main effect of respondent age was significant, x 2 (2) = 18.68, P \ 0.001.
The main effect of respondent age group was due to greater proportions of advice being given by older respondents. Respondents aged 18 to 39 y advised on average 17.5% of household members, compared with respondents aged 40 to 59 y advising 19.4% and respondents 601 y advising 21.5%. We compared each age group to the other with pairwise contrasts and using an adjusted alpha of 0.05/3 = 0.0167. Advice tendency differed between respondents aged 18 to 39 y and both older age groups-those aged 40 to 59 y, t(8242) = 3.25, P = 0.001, and those aged 601 y, t(8242) = 3.51, P \ 0.001. However, advice tendency did not differ between the 2 older age groups, t(8242) = 1.81, P = 0.07. The greater propensity for older individuals to offer advice regarding vaccination may be due to a greater chance that older individuals offer advice in general (for example, older individuals are more likely to be parents) or because they are more aware of seasonal influenza vaccination because of national-level programs aimed mostly at elderly individuals. The interaction between county and household member age appears to stem from differences between countries in advice giving to the youngest versus oldest household members ( Figure 2 ). Thus, for selected countries, we compared advice tendencies to ages 1 to 17 y and to ages 601 y. In both tests, we considered 3 countries, which were selected post hoc to examine the largest differences between the youngest and oldest age groups. To adjust our alpha level, we divided 0.05 by the number of equivalent such tests: 0.05 divided by 58 (ways to choose 3 countries from 8) times 6 (ways to choose 2 age groups from 4), or 0.05/(58 3 6) = 0.00014. These tests indicated that respondents in China, Japan, and the United States advised children and adolescents aged 1 to 17 y more than adults aged 601 y, t(8242) = 6.7, P \ .0001, and conversely, respondents in France, Israel, and the United Kingdom advised the adults aged 601 y more than children and adolescents aged 1 to 17 y, t(8242) = 4.48, P \ 0.0001.
An alternative way to interpret the above interaction is to examine differences in advice tendency across countries, separately for older and younger advisees. The tendency to advise younger household members appeared lower for European and Near East countries, including France, Israel, and the United Kingdom, but the same effect for older household members was weak. The former contrast concerning advisees ages 1 to 17 y was significant, t(8242) = 12.13, P \0.0001, but the latter concerning advisees 601 y was not significant, t(8242) = 2.26, P = 0.02.
Effects of Advice from Household Members on Respondent Vaccination
The next analysis focused on respondent vaccination status in the previous year. Predictors included advice from any household member to respondent (to vaccinate v. to not vaccinate or no advice), country, and age of respondent.
Overall, the tendency of the respondent to vaccinate depends on the country of residence, respondent age, and whether the respondent was advised by a household member to be vaccinated. The household member advice by country interaction was significant ( Figure 3A ), x 2 (7) = 21.93, P = 0.003, as was the country by respondent age interaction, x 2 (14) = 44.45, P \ 0.001. The household member advice by respondent age interaction was not significant, x 2 (2) = 2.61, P = 0.27. These interactions suggest that the impact of household member advice on the eventual decision to vaccinate varies across countries, and the dependency of vaccination rates on age also varies across countries. Contrasts revealed that the interaction between country and advice is due to respondents in all countries except Israel showing a positive effect of advice on vaccination status ( Figure 3A) . Using an adjusted alpha of 0.05/7 = 0.007, all simple main effects of advice, per country, were significant, except for Israel. Japan showed the greatest impact of advice, where the odds of a respondent vaccinating are 6.3 times greater for respondents who received advice from household member(s) than for respondents without such advice. The smallest effect (aside from Israel) is in Brazil, where the odds are still 2.9 times greater for respondents receiving advice.
The influence of household members on vaccination decisions may occur through persuasive conversations about whether to receive the influenza vaccine, or it may occur through observation and imitation of others within the household who vaccinate. 16, 17 To evaluate how much of the influence from advice is due to direct persuasion, we calculated the proportion of respondents in each country who reported having vaccinated specifically because of the advice given by the household member ( Figure  3B ). The largest influence of advice is seen in Brazil and Japan, where 18% and 22% of respondents, respectively, said they vaccinated due to the advice of a household member. The lowest proportions are in France (5%), Israel (6%), and the United Kingdom (7%). The countries in which advising is less common (United Kingdom, France, and Israel) are also the countries in which the decision to be vaccinated is less likely to be influenced by household advice.
Relations to Country-Specific Vaccination Policies
In this final analysis, we assessed the extent to which patterns of household advice align with agespecific recommendations of the respective national health authorities regarding vaccination prioritization. The dependent variable was ''advice from the respondent to a household member'' (to vaccinate v. to not vaccinate or no advice), and predictors included country, whether the household member's age group is targeted by the health authorities to be vaccinated, and the interaction effect. For illustration, in the United Kingdom, people 65 y and older are targeted for vaccination. Hence, a household member in the United Kingdom who is 30 y old would be coded as 0, and a household member who is 70 y old would be coded as 1. We excluded South Africa from the analysis, which has no current agespecific vaccination policy. We also excluded the United States and Israel, both of which recommend vaccination to all age groups.
The interaction between country and target age group was significant, x 2 (4) = 17.64, P = 0.001. Using an adjusted alpha of 0.05/5 = 0.01, we found that all simple main effects of advice, per country, were nonsignificant, except for Japan, which was significant, t(5026) = 22.91, P = 0.004 ( Figure 4 ). Interestingly, in Japan, advice giving stood in direct opposition to public policy. Hence, national-level recommendations are either not reflected or are in direct contrast to patterns of household advice.
DISCUSSION
Our results suggest that households are sources for information regarding vaccination against seasonal influenza. Therefore, public health messaging may be acting directly, reaching those individuals for whom the messages are targeted, and indirectly, reaching household members of individuals who discuss the messages with their household. Achieving both effects through public health messaging (e.g., via advertising campaigns) may be analogous to mass vaccination itself, the benefits of which are realized through direct protection of the vaccinated individuals as well as indirect protection through reduced transmission, especially within the household. [2] [3] [4] Our results suggest that the impact of indirect communication of public health messages depends on the country and culture in which individuals live. While the size and age distributions of households do not vary substantially between the countries we surveyed, the level of communication about vaccination does differ. Cultural differences may dictate the overall willingness of household members to advise each other on vaccination decisions. For instance, public health messages that promote advising the elderly to vaccinate in China and Japan might not be successful because of a reluctance in East Asian culture to advise elders. 18 Cross-national differences in the willingness to advise household members could be attributable to cultural differences or to attitudes toward health care decision making and toward state-mandated health care policy. While it is difficult to disentangle these effects, our results suggest that cultural differences do play a role. An important example is Japan, where, despite vaccination being recommended for elderly individuals, young household members are more likely to receive advice than older household members. This was also true to a smaller degree in China. By contrast, the countries with low levels of advice giving in Europe and the Near East, who also have centralized state-funded health care systems, tended to provide advice to older individuals, the focus of the state's vaccine policy. The United Kingdom recently piloted a seasonal influenza vaccination program aimed at toddlers and adolescents, with parents showing strong support for childhood vaccination. 19 As the program is expanded nationally, parental awareness and advice giving to older teens will prove critical to the scheme's success.
The East-West differences in vaccination toward younger and older household members have 2 potential explanations. First, advice may serve as an index of general positive attitudes toward the advisee, as it indicates that the adviser cares about protecting the health of the advisee. Despite popular assumptions, a recent meta-analysis on East-West difference in attitudes toward the elderly reveals that Eastern countries hold more negative views of the elderly than do Western countries. 20 Thus, the lack of advice giving toward the elderly in Japan and China may reflect a negative attitude toward elderly household members among Japanese and Chinese participants, especially when compared with their Western counterparts (excluding the United States). An alternative explanation is that Asians are more obedient and respectful of their elderly family members than their Western counterparts because of filial piety. 18 Hence, younger Asians may be less likely to engage in behaviors toward the elderly, such as advice giving, that imply greater power and status of the actor.
Countries with age-related seasonal influenza vaccination policies will also have health-related policies, such as targeting those with chronic conditions who are most at risk of influenza-related complications. Through awareness of these policies, individuals may be more likely to vaccinate to protect a fellow household member who is identified as at risk. This behavior would lead to household clustering of vaccination behaviors through both indirect induction and confounding.
The interaction between age of household member advisee and country suggests a complex landscape of advice giving based on cultural norms as well as health policy awareness and vaccination availability. As such, designated cultural dimensions such as Individualism/Collectivism as proposed by Hofstede and colleagues 21, 22 may not fully explain our results. Indeed, we examined the relationship between Hofstede's collectivism index 21 and the percentage of respondents advising household members ( Figure   5 ). We found a modest positive relationship between collectivism and advice, r = 0.59, P = 0.16. Similarly, we observed a modest positive relationship between advice and the Gini coefficient, 23 r = 0.55, P = 0.12, suggesting that people in countries with greater social inequality were more likely to give advice. Although both correlations suggest a positive trend, we interpret these data cautiously given the evident lack of statistical power. In addition, the notable outliers underscore the complexity of cultural explanations for health advising. Exploring these nuances in further detail is a topic for future research.
Limitations
We note 2 main limitations of our study. First, while online surveys provide a fast and efficient means to obtain international participants, they may suffer from selection bias and accessibility issues when compared with telephone or face-toface interviews. 24 Nevertheless, Internet panels compare favorably to samples collected from common alternative survey strategies, such as college-based recruitment. 25 Further, reviews suggest no systematic differences in effects between Internet-based samples and non-Internet-based samples, 26, 27 although some evidence suggests that results from hard-to reach subpopulations that do respond well to Internet surveys may suffer from weak generalizability. 28 As mentioned above, we used quotas to mitigate age and gender bias in our sample. However, for some countries, this was not possible, leading to an overrepresentation Figure 4 For each country, the proportion of household members that a respondent advised to vaccinate and whether they were within (black) or outside (gray) the age group advised to receive influenza vaccination by the national health authorities. Age-specific vaccine recommendations are provided below each country name. Note: South Africa has no current age-specific vaccination policy. of respondents younger than 50 y. We partially mitigated this possible bias by explicitly accounting for age of respondent in the analyses.
A second limitation is that we did not qualify the word advice in the survey, leaving this open to the respondents' interpretations. In particular, for advice giving to the youngest age class, respondents may have different opinions regarding whether they ''gave advice'' to their child, for example, or ''chose whether the child should receive the vaccine.'' Thus, when advise is interpreted broadly as ''tried to exert influence over,'' there may be even more adults who do indeed advise their children to vaccinate.
CONCLUSION
Our results show that vaccination advice shared within the household affects the decision to vaccinate, although the nature of this advice and the scale of impact on vaccination vary across countries and cultures. Hence, campaigns aimed at encouraging household advice, specifically using culture-specific messages and strategies, have the potential to increase vaccination rates.
